Survey of Anthropometric data collection methods of Indian population for design of proportional medical devices INTRODUCTION
India is a developing country with a growing population of 1.155 billion (Population Reference Bureau [PRB] , 2011). For designing devices proportional to the size and capabilities of the population that will use them, relevant anthropometric data need to be considered. Hearne (2004) suggests anthropometrics could be effectively applied to develop ergonomically sound medical devices. There were about 668,131 registered practitioners and about 73,271 dental surgeons in 2007 in India.
There are ergonomically designed dental and laparoscopic devices (Ferranti, 2002) and many studies have proposed a new standard for ergonomic design (Sawyer & Aziz, 1996) . Studies have collected a wide variety of anthropometric data, including finer measures such as finger length. However, the applicability of the same raw data for designing medical devices (e.g., hand held devices) for the Indian population is not justifiable. This is mainly because of the inherent differences among the Indian population (Dewangan et al., 2005) .
The European Commission of Medical Device Design (MDD 93/42/EEC) stipulates that: "Devices must be designed and manufactured in such a way as to remove or minimize as far as is possible the risk of injury, in connection with their physical features, including the volume / pressure ratio, dimensional and where appropriate ergonomic features" (Martin et al., 2005) . For example, repetitive stress injuries to the hands, wrists and elbows have become an increasing problem in dental practice (Martin et al., 2008) and have resulted in development of ergonomic dental grip (Ferranti M., 2002) . Thus, our study attempts to catalogue various characteristics and tools used to collect data from Indian population and compares it with CAESAR 1999 and ANSUR 1988. The goal is to create a road map to collect a wide variety of anthropometric data to coalesce the low cost approaches generally employed in studies from India with the sophistication and accuracy of approaches as in Civilian American and European Surface Anthropometry Resource Project (CAESAR) and Anthropometric Survey of U.S. Army Personnel (ANSUR) 1988.
BACKGROUND
Studies indicate that Indian population is different in different regions (Majumdar, 1951) . Stature of Indian population is smaller than other populations (Dewangan et al., 2005) .
Current status of medical device design for the Indian population is not known in detail (Karan & Mahal, 2009 ). According to the most recent data from the Annual Survey of Industries, there are more than 972 producers of medical devices in India. Increasing imports of medical devices (Karan & Mahal, 2009 ) suggests greater need for proportionally designed devices. This is possible only with data from the relevant population.
METHOD
The anthropometric data collection methods were obtained by searching through various databases like: Google scholar, EBSCOhost, Science Direct, Informa Health, Ingenta Connect, Taylor and Francis, Academic Search Premiere.
The selection criteria were: literature published after the year 1989, details about survey methodology, and data from various regions of India.
Eleven studies that matched the selection criteria and their aspects compared with CAESAR and ANSUR are tabulated in Figure 1 and Figure 2 . It is seen that the number of subjects and number of dimensions measured is very low when compared to CAESAR and ANSUR.
The 3-D Scanner can also be used to measure finer measurements. There is a possibility to generalize data from a specific population to model the entire population optimally by combining the cost effective measures of the techniques used to analyze Indian Population with those of the other populations. Figure 2 indicate the variation of the number of subjects and the number of dimensions, respectively, for both Indian population studies and CAESAR and ANSUR database. Table 1 shows the various aspects of both populations along with the tools used. Also, factors like age with upper and lower limits and gender were taken into account for comparing the studies. Two out of ten studies did not mention the tools used to measure the anthropometric data. The majority of the studies used average accuracy of 0.75mm whereas CAESAR and ANSUR used an accuracy of length measurements to be 0.01mm. Out of ten studies published, only two studies had considered measurements of both genders. 
RESULTS

Figure 1 and
DISCUSSION
Firstly, while there was much literature available on the survey of anthropometric data for agricultural purposes, studies measuring finer anthropometric details of medical practitioners were not found in significant numbers. Even with the existing literature, accuracy or sophistication levels are known with less certainty and it cannot be concluded whether the data is applicable for the use of medical practitioners. Moreover, there is much less variety in the number of body dimensions measured and number of subjects used when compared to CAESAR and ANSUR data bases.
However, one major factor to consider is that there may be tremendous cost advantage in the methods used in the studies to collect anthropometric data. For instance, it is a reasonable conclusion from the description of equipment(s) that studies on Indian population generally used much cheaper equipment -only for an accuracy difference of 0.1 on an average. In order to address the need to be more applicable to a large population, standard sizes from different dimensions could be arrived at by best-fit linear regression, during planning stage of the design.
In order to address the need to be more applicable to a large population, standard sizes from different dimensions could be arrived at by best-fit linear regression, during planning stage of the design. The use of the Integrated Composite Anthropometer (ICA) (Dewangan, Owary, & Datta, 2010 ) is more cost effective than the 3-D scanner used in CAESAR and ANSUR if its accuracy is matched to 1mm. A varied population could be extrapolated by using factor analysis as mentioned in one of the literature (Dwivedi, Shetty, & Nath, 2009) .
The use of the Integrated Composite Anthropometer (Dewangan, Owary, & Datta, 2010 ) is more cost effective than the 3-D scanner used in CAESAR and ANSUR if its accuracy is matched to 1mm. Thus, it could be supplemented by the 3-D scanner for a certain sample of the population whose average size is extrapolated from the aforesaid procedure. On the whole, principles like these could be integrated with the techniques like the 3-D Scanning systems to obtain economic and accurate data for any given large population.
CONCLUSION
There is an urgent need to capture finer details of Indian anthropometric data in order to design ergonomic medical tools for the growing Indian population. Also, for any population, a mix and match approach can be used, where, a small portion of the population data can be captured using low cost equipments (that has been used for Indian population) in combination with the 3D scanning systems (E.g. Body metrics, LLC). As a next step, this could be validated by fitting a regression model between these two data capturing techniques. Finally, by employing these models on data captured from much larger sample sizes-using the low cost equipments, we can simulate the same accuracy at a much lower cost.
FUTURE WORK
Our primary goal is to predict the dimensions of Indian population from a relationship between existing minimal set of dimensions. By using the techniques mentioned below, the long term goal is to develop a population survey methodology that will not only be accurate but also cost effective. Some of the techniques in which this could be done are:
1. By fitting a regression model for the raw data and predicting dimensions (like stature, determination of sex and other classifications like regions, etc.) by using factor analysis (Dwivedi, Shetty, & Nath, 2009 3. Make an optimal use of 3-D scanning technique in combination with the other techniques in capturing the data for a smaller subset of population to predict the data of a larger subset of population.
This could be tested for accuracy and then be extended to other populations if proved to be accurate for Indian population.
